THE PRESIDENT: We are fortunate in having the opportunity of seeing Dr. A. D. Waller's demonstration of the exact measurement of the effects of human emotion by the psycho-galvanic reflex. He has been working for about three years on the manifestations which take place in the skin as a consequence of emotion, and has described his results before the Royal Society, and also in the Lancet.' He pointed out that it might be of practical use in medicine, and I hope he will show us how this exact method of measuring the psycho-galvanic reflex of the skin can be adapted to psychology and the practice of medicine: for example, whether a man who has suffered from shell shock has sufficiently recovered to go back to his work.
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Waller: The Measurement of Human Emotion As regards the preface, I should like to take hold of the subject in a manner that I have not yet ventured to do, that I could not venture to do in previous years during which I have been engaged upon it.
I should like to spend a few minutes in laying down the principles, without argument, the principles underlying this psycho-galvanic reflex, sometimes called-as I prefer to call it-the emotive response. All who have gone through the curriculum are familiar with the idea of trophic nerves. We all, doctors and laymen alike. are acquainted with the expression of the emotions. We all know that in emotion the manifestation of some dominant feeling in the brain expresses itself in a variety of ways through the ordinary muscles, through the vascular muscles as in the blush or the pallor, through the vasomotor nerves, through the secretomotor nerves, in the action upon the salivary or skin nerves, and so on, which I pass by rapidly, in order to state that there is a yet more fundamental action of nerves upon the peripheral system. When an emotion occurs, when any action is willed or provoked in the brain, when it gives rise to the explosion which, passing along the nerves, provokes action at the periphery, it does one thing besides secretomotor action and vasomotor action: it acts upon the cells of the body in a way that alters their nutrition. And the keynote to the picture of what happens when a nervous impulse meets with a living sheet of cells like an epithelial membrane, like the rows of epithelial membrane which form the skin, that form especially the skin of the palm of the hand, what happens there is something which I venture to call, to christen, poro-dilatation. A strong emotion happens, and alters nutrition. What is nutrition ? It is a commerce of ions, an electrical unit which passes in and passes out of the body through a membrane which essentially consists of holes or pores, of ultramicroscopic pores, of ionic order. So in the commerce which takes place in the last act of respiration, CO2 passes out, and 02 passes in, and that is the essential fact of the nutrition. These pores, which are invisible, which are ultra-microscopic, are, in my view, under the governance of the nerves, and the demonstration which I hope to put before you in a moment is, I believe, a demonstration of the action of what we have known, more or less obscurely, for many years past under
The Royal Society of Medicine in the usual way by the disturbance of the balance that will be established in a moment. Here is what is going to happen (sketch of scheme exhibited, fig. 1 , p. 53). I bring equality between the known and the unknown, in precisely the same way as the grocer brings equality between a pound of sugar and the pound weight. If one is increased, or the other diminished, there is a disturbance of balance, in response to which the indicator will go in a definite direction. I think I have said enough to make clear that we are at a very general standpoint, that it is strictly physiological, and it has not yet led me to make use of any psychological expressions. Whether I shall succeed, in the hour at my disposal, in getting so far as to justify the title of the lecture, I must leave for the momnent. Whether I shall be able to convince you that we have, in this method, a means of measuring, in precise physical terms, the intensity of the emotions and the power of the will, the inhibitory power of the brain over those emotions, or the physical signs which accompany those emotions, I shall also have to letve. I am certain it would be going far beyond my province to do more than sketchily indicate the possible use which could be made now of this additional weapon, and what forecasts will be made in years to come.
I have four slides, which will serve to limit, very strictly, the remarks I am about to make. I may explain that these four slides are the photographic fixing of the experiments that I am going to put before you in a fugitive manner. The hand is in the fourth arm of the Wheatstone's bridge. At this moment the threat of a burn-is made. The striking of the match causes an emotion, which you may like to term fear of injury, and that causes a diminution of resistance in the palm of the hand, a poro-dilatation, and there is a movement in the direction of diminished resistance, of a magnitude which you see indicated ,here. --At this point the reality is applied, and you see the response on the application of the match itself. Then there is the pin-prick: a gesture of pricking is made, and that causes an emotive response, consisting in this poro-dilatation ( fig. 1, Waller: The Measurement of Human Emotion for the manifestation of these phenomena, there is a general result over the whole Qf the cutaneous periphery. At the moment I show you, the voluntary explosive discharge from the nervous system is made, consisting in a voluntary cough, and with that explosive discharge there is a poro-dilatation in the hand (fig. 7) . The same is done for the forearm, and nothing happens. On this item of evidence you will be inclined to say it is manifested in the hand, it is not manifested in the forearm. However, at the end of this lecture I shall put some demonstrative experiments, showing that, to some extent, it does happen in the skin of the forearm.
The next slide is put in for the purpose of emphasizing an attempt at evidence justifying the title of my lecture. This patient, or subject, is in connexion with the apparatus for something like thirty to forty minutes, and during the first half of that period is in complete voluntary control of her emotions: she is remaining as quiet as possible; she is not allowing any disturbing thought to pass through her mind. That is indicated by the state of the line, which is, pxactically, immobile. But half-way through the experiment she " lets go," allowing herself to enter into excitement, by thinking of painful experiences, by thinking of a variety of experiences, which I need know nothing about. If I have a patient as to whom I am anxious to learn the power of imagination, I simply say, " Think about the most disagreeable thing which ever happened to you, or can happen to you." And I need not enter into the confidence of the victim or patient.
Here is another plate, which seems to show quite a different thing. I am showing it for the sake of getting you to appreciate what, to me, is a very cogent proof of the reality of the phenomenon: the loss of time which occurs between the voluntary discharge and the action at the periphery. You realize, of course, that here we have a rather more quickly-travelling surface. The balance is disturbed by the discharge from the nervous system which occurs at the moment indicated by these two black teeth; they are movements of a lever connected with the larynx, and indicate the moment at which the subject coughs. The balance is not disturbed until actually two seconds after the explosion from the nervous system. There is such a huge loss of time, that you cannot fail to appreciate it if I bring off the experiment successfully.
I will now proceed to the trial of the patient (demQnstration). I am first doing what I always do at the commencement: seeing how quilt the patient can keep.
The Royal Society of Medicine I now apply the first test, and you note a movement of the bright spot to the right. With a new patient, merely standing behind the chair causes some apprehension, and the spot moves and indicates an emotive action. On my applying a stimulus, you see a definite movement of the spot in the direction of excitement. I have now applied a burn, and judging by the excursion of the spot, it was severe. Laughter consists of a series of explosions down the nerves. This lady coughs, and you see the effect.
I should now like a volunteer from among the audience. Sir Kenneth Goadby has tested the matter with me; he knows the apparatus, and so forth, and I should be very much interested to see whether he reacts in the way I have learned to expect him to react.
Sir Kenneth coughs, and you note the two seconds lost time. His responses here have been distinctly less evident than under the normal quiet conditions of the laboratory. I think, judging by my own feelings and experience, that it is always more difficult to demonstrate the size of an excitation on occasions such as the present, because one is oneself already more or less under the influence of emotive excitement from the fact of having to speak. But that is not Sir Kenneth Goadby's case.
Here is the effect of the burn, but it is distinctly less than I have had. I hope he will take part in the discussion, but I think he is, consciously or unconsciously, under the influence of a certain amount of excitation from the unusual circumstances of the moment. I am very inquisitive, and I would like to make myself the patient, to see if I would give smaller or larger reactions. But before I make myself the victim, I would like to describe an experiment I made two hours ago, when I was interviewed by a newspaper correspondent, who, by the way, is not here. I was interviewed at a moment when I had tested myself, and found I was much below par. Contrary to one's expectations, one gets small responses when one is not as excitable as one should be, or more excited than one should be. One puts on the wire a person who is, apparently, greatly and regularly excited for long periods-an hysterical person-forgive me if I use the wrong word: I have not got accustomed to the term " pithiatic "; people do not mind being regarded as pithiatic, but they do not like to be considered hysterical; one finds such a person makes a great fuss, and there are movements which, one would say, would give great responses. But we find he, or she, is not responsive at all. This newspaper correspondent was one of the best instances which have presented themselves to me of a pithiatic person:
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Waller: The Measurement of Human Emotion he told me so quite frankly in the course of a conversation afterwards, so I do not know how the interview is going to appear, and I shall get the evening paper, with some sensitiveness, to see what he gets out of me, compared with what I got out of him, because I got out of him a most admirable illustration of the fact, which I have learned in hospital, of course, by the kindness of my friends-namely, that these pithiatic persons are far less mobile than is the normal person.
I will trust to luck, and ask for some slides to be put through the epidiascope, because they are so many records of experiments, each of which has taken an hour or so to make. The slide gives a record of what the spot of light has done.
I take the opportunity of insisting on one point, which is one of many I ought to put before you-namely, that nothing is done until one measures these things. The resistance was 17,000 ohms, that is below the normal, and it is a sign that the subject's pores were in a state of dilatation, and I imagine he would have a low resistance. Mine are, almost certainly, in a state of dilatation at this moment.
One of the things I am working at is to find out whether the reaction has the same response on the two sides of the body. It is of no use taking a galvanometer and a series of impulses, first on one side and then on the other; one must take a record of the two hands with two galvanometers which one has triedT to make equal, and one is happy if one can get two galvanometers to give equal responses.
Here is the record on a gentleman who remained quiet for ten minutes, and that is a great test to ask anyone coming into the laboratory to undergo. I have now reduced the requirement to five minutes, and I have an egg-boiling indicator for that time. You see, this subject is quiescing down, the pores are gradually contracting, the resistance is gradually increasing. At these two spots he was asked to think of something exciting of a moderate degree, and of something very exciting. The very exciting thought sent the light right oft the plate, and the deflection caused by the thought which was moderately exciting is shown.
The next gives the same subject, with the same experiment. Ten minutes' quiet, interrupted by throwing in one-tenth of a volt in order to know how conductive the hand was at the moment.
Here is the record of an experiment I shall not be able to repeat, I am happy to say; it is upon a Belgian lady, who was in extreme anxiety at the time in regard to the welfare of her family in Belgium, and the suggestion of that to her was sufficient to produce a strong emotive response ( fig. 3, p. 54 ). I then reminded her of the scenes she had witnessed, and the fear and excitement brought an enormous diminution of resistance and augmentation of conductivity. The experiment on the same lady now fails.
This shows the sort of record I have been getting of late, and I would ask for your opinion as to whether these are true responses or not. It is the simultaneous record of two galvanometers, for the left hand and left leg, and you see the responses that happen. From the amount, I do not think you would swear there was any effect in the leg-they are inconsiderable in magnitude in comparison with those in the hand. It is the palm of the hand that has the special sensitiveness in this respect. If I apply the electrode to the dorsum of the hand, I get " no "; if to the palm, I get " yes." It ,is not a question of relative richness in sweat glands, though I have not time to argue that point at the moment.
I have taken a plate which was lying on the table, which is what I have been doing in the last few days. Somebody asked, " Will it not happen in the head?" I said, "No," and proceeded to make this experiment. You see the hand record, and this is the elastic band round the head, and a pair of electrodes applied to the temple; and here are a couple of waves, which, to all appearance, seem to show that something happened in the head. But it is not so, they are spurious. Corresponding to the true excitations there is nothing over the temple; these are accidental movements from the movements of the jaw.
The next is an air-raid photograph. It was a subject whom I put upon the wires ten minutes before the air raid broke out; then there came the whirr of the Gothas, the noise of our guns, and the dropping bombs. You see the enormous response which happened. There is a sudden dilatation of the pores, and the emotive reaction which took place. The air raid continued during the whole time, and all the time the pores of the palm of the hand continued to be dilated ( fig. 2, p. 53 ).
Here is where I applied a stimulus by a small induction shock to a distant part. There were a pair of electrodes on the hand, and a pair on the arm, and this is the reaction. It goes up, and I leave you to consider whether it is the reaction of the skin of the arm. It is one of the things I hoped to demonstrate, but it would be too much trouble; but I shall be happy to make a demonstration for anyone in my laboratory.
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Waller: The Measurement of Human Emotion Now, here is the only reasonably good document I am able to put before you to show that parts of the body other than the palm of the hand and the sole of the foot respond. Here &re two largish responses, with two galvanometers, as before: one galvanometer connected by a pair of electrodes to the left hand, the other galvanometer in the same way connected to the left leg, its tibial and calf aspect. I think the response is fairly clean for both. Note the manifest large response which takes place in the palm of the hand, yet hardly sufficient to impair one's general idea that, as regards these responses that of the palm of the hand is the special one.
What am I to say to this one? Is there a reaction in the arm? I hardly think so. Everybody says " yes," however, to the palmar reaction. And here is a tenth of a volt for the two galvanometers. This is the record of, a Royal Air Force candidate who was examined.
The next one belongs more to the title of my lecture than does any other-namely, there is, besides the intensity of the emotive discharge to be considered, the inhibitory power, or what we call the voluntary inhibition for such emotive discharge. Here is a half-plate of twenty minutes of quiet, followed by twenty minutes of ." letting oneself go," in regard to exciting thoughts, especially painful thoughts, because it is the painful thoughts which are the most effective neuro-stimuli.
I will now stop and subject mryself to any questions which you may desire to put to me.
DISCUSSION.
The PRESIDENT: The demonstration has aroused a universal feeling of extraordinary interest, and we must express our sincere thanks to Dr. Waller. It is curious that the response is practically limited to the palms of the hands. Years ago Charcot pointed out that the resistance of the body generally in exophtlalmic goitre is very much diminished, but I do not remember that those observations were confined to the palms of the hands or the soles of the feet. It was generally explained on the hypothesis that there was an increased secretion of fluid on the surface of the body, but that we now know from Dr. Waller does not hold good for his results. It would be interesting to know if adrenalin on the one hand or sedative drugs on the other hand had any effect upon the psycho-galvanic reflex.
Dr. ORMEROD: I had not the least intention of speaking. The subject is very interesting because it brings forward another physical test in relation at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from to the emotions. We know that sundry physical processes go on when we feel emotions; Dr. Waller has shown us that there are electrical processes, and has placed before us a delicate test of them. I am chiefly interested in this from the standpoint of what I still call hysteria; for I do not commit myself to the theory which is implied in the new name. What Dr. Waller told us about hysterical patients is remarkable, that is, that they do not show these reactions well, because I think most people believe emotion has much to do with hysteria. You know that D6j6rine, one great authority, says hysteria is essentially a matter of emotion. Janet, who is, perhaps, a still greater authority, has constructed what he calls the mental characteristics of hysteria, and, to one's surprise, says that hysterical patients are not emotional, that their emotions are not deep, but on the surface. That coincides with what has been shown by Dr. Waller's experiments. If I might make one criticism from the emotional aspect, it would be that the test seems to be rather too delicate, that is, it seems to work in regard to things other than emotions. For instance, the cough showed as good a reaction as did the burn. With regard to the sensitiveness of the palm of the hand I have nothing to say, except that we are familiar with shell-shocked soldiers who have sweating palms; but perhaps Dr. Waller would not wish that to be imported into his theory, because he says the electrical response has nothing to do with the sweat glands.
Sir KENNETH GOADBY: I have been very interested in the psychoemotive response, and I have had the pleasure of working with Dr. Waller a little on the question. I have also had the opportunity of testing the response in those suffering from nerve lesions, and it is somewhat interesting in this respect. In the case of a man who has a divided median and ulnar nerve in the upper arm, there is no response on the injured side, but a full response on the normal side. If, however, the ulnar is intact, and the median divided, a diminished reaction is given. If the ulnar is divided and the median is intact, you get a larger but not completely normal reaction compared with the other side. So the phenomena would hardly seem to be purely sympathetic. During a certain period, I had the opportunity of testing a number of men who were not obviously suffering from shell shock but who had been wounded in circumstances which, perhaps, had rather fixed the matter on their minds. It was rather interesting to, as it were, dive into their minds and find whether, in the case of a phlegmatic old sergeant of the Argyll and Sutherland Highlanders, the wounding had left any impress on his mind. One could not get any indication of it from talking to him; he seemed well balanced, and declared he was all right. But directly we got him to tell us of the circumstances of his wounding, his resistance diminished to an extraordinary extent, showing there was a content in his mind following upon the injury. Dr. Waller has tested me in many ways, and one or two of the records he has shown were mine. I can, under certain circumstances, excite myself without a specific disagreeable concept, and then relax the mind and think of nothing. I can create a general 50 Waller: The Measurement of Human Emotion state of excitement without definite thought or cognition, and under these circumstances my resistance immediately diminishes. The question of sweating palm is one with which I am very familiar, because whenever I have been on a bad ice slope the palms of my hands sweated. I am certain that if this curious emotive reaction is used clinically, being approached with a scientific mind, with a consciousness of its limitations, it may be of extreme use in many cases of difficulty of diagnosis.
Dr. DAWSON WILLIAMS: It has been suggested to me that we ought to pass a formal vote of thanks to Dr. Waller for having given us this compendious account of a research which has, I know, been going on for a considerable time. It seems to me, from the general point of view, apart from pathology, to be extremely interesting. As myself a subject of experiment, I may say, as Dr. Wailer himself has hinted, that the reaIity of the phenomenon is much more impressed upon one in a quiet room, when one's mind is adjusted to it, and free from the herd instinct incidental to being here. But I want to utter a note of warning. Dr. Waller and I have been friends for many years; he astonished me one day by stopping me in Piccadilly and beginning to gossip, which in my experience is not at all his habit. He gossipped about a variety of subjects, and it was only afterwards that I realized how he had been shifting about from one subject to another, And presently he chanced on a matter which had annoyed me very much, and the memory of which still annoyed me. As soon as he had done with me he wanted to talk no more to me, but asked me to go to his house for an experiment. He did all the things to me that he has done here, and then suddenly started this subject again; the result on the screen was remarkable. My recollection is that the memory of this annoyance produced a much greater result than either a pin-prick or a burn. A very remarkable feature is the definite delay before the response. I think Dr. Waller will tell us that part of this occurs in the higher centres.
Dr. MARY BELL: I would like to ask if any work has been done on the question of the relation of the output of adrenalin during preparation for flight or fighting and electro-motive response. It is very interesting that the emotion of fear produces this diminished resistance. During periods of terror and of exertion you get an increased output of adrenalin. I do not know whether there is any reaction time between the terrifying of the animal and the output of the secretion into the system. It seems to me there might be a correspondence in the reaction time, which it might be of interest to work out at some time. Miss Waller told me that during the summer she tested people whom she had tested during the winter, and she found that during the summer the resistance was very much higher than during the winter, in the same people. I should like to know what is the explanation, or whether any other experiments have been done on this point. I have thought of setting up an apparatus myself for psycho-analysis; it would be very interesting to analyse a patient while actually sitting in the circuit, and I think it might be a great help to the physician in trying to understand the patient's unconscious mind.
Dr. SCRIPTURE:-I hope Dr. Waller will, in his publication, state the reasons why the sweat glands are not an important factor. Some years ago Dr. Peterson and I thought we had proved conclusively it was the sweat glands, but we had no idea of the wonderful new suggestions which Dr. Waller now brings forward to remove all difficulties.
Dr. R. H. COLE: I simply wanted to ask about the movement of the light following on a cough. It was very marked, and I wondered whether it was due to pressure.
Dr. F. PARKES WEBER: I would like to ask whether Dr. Waller has made observations of this nature on myxcedematous patients. If not, I think it would be well worth while to do so. In regard to the moisture of the palms of the hands, needless to say, there is a great variation in different persons. At one time I was an enthusiastic collector of medals and rare coins; there are some people to whom one dare not entrust the handling of modern so-called " proofs," because the sweat from their hands would at once remove the "bloom." But I can myself generally handle even the finest-proofs without damaging their appearance. (Of course one would, however, hold them ordinarily by the edges, if only not to set a bad example.)
Dr. WALLER (in reply): If I were to attempt to answer properly the points which have been raised, I should keep you here until an undue hour. In reply to Dr. Cole, there is no emotion with cough. It is really a question of definition of words. I am afraid I am using " emotion " in the literal sense, so I should use the adjective "emotive" in order to indicate that I am not dealing with the psychological aspect. I do not use the adjective " emotional," but " emotive," imagining a flux from the nervous system, a discharge down the nervous system, which flows down the efferent nerves, whether sympathetic or not, and is an emotive response as to its action on the skin. The caution inculcated by Sir Kenneth Goadby I am very sympathetic with indeed, and you, Sir, I am sure, feel in the same sense. This will be a horrible thing if it is going to get into the hands of "half-baked" people who have not a knowledge of the physiological principles involved; and if it gets into the hands of unscrupulous people who exploit the public, there would then be great mischief done. That has been in my mind from the beginning, and I have limited myself to three places where I have spoken about it, the Royal Society, this Society, and the Academy in Belgium. I have not thought it was suitable for popular lecturing or demonstration, and I would like it to be kept clean and away from "half-baked " people if possible. I did not catch all that my friend Dawson Williams said about the gossip story, but I have had interesting seances with different people, and I have asked them to think about the most disagreeable things they could. One officer back from the Front thought of the time when he was in a shell-hole with a bullet wound in his arm: he was there three hours, and it was very disagreeable indeed, but did not cause much response. Then I said: " Think of the War Office," and then it was all right! 52 Waller: The Measurement of Human Emotion That was the sort of experience I had with Dr. Dawson Williams: I had not asked him for that stimulus. With regard to adrenalin, I am afraid I know nothing about it. In reference to resistance in hot and cold weather, it varies with the emotion, and it may swallow up the physical changes. With regard to the delay, it is a skin delay. Children I have not yet worked at. Then there is the question of the exclusion of the sweat glands in the explanation. I do not precisely exclude them, because I think that the cells of sweat glands are protoplasm, and nerves act on sweat glands as they act on a lot of other things. It is the exclusive attribution of the phenomenon to the sweat glands to which I object: I believe it to be a much more general thing than to be concerned with the sweat glands. I think it is better to say the nerves act upon the membranes through which the commerce of nutrition is taking place: it is the poro-dilator action of these membranes, which consists in the facilitation of nutrition. With regard to the resistance story, I set up a galvanometer in my dressing-room to test my resistance at all hours of the day and night, because measurement of resistance is one of the fundamental principles which have got to be studied. It is what will save one from being " half-baked " about this. There is a beautiful diurnal change. In the morning our forces are at their shallowest: there is very little commerce taking place, very little nutrition. Whereas in the early hours of the afternoon, when we have our highest temperature, we are at our maximum physiological activity. The resistance varies during the twenty-four hours between 20,000 and 200,000 ohms: it is a variation amounting to 1,000 per cent. in the tensing which takes place. The lowest conductivity is in the small hours of the morning, when there are the narrowest pores, and the highest conductivity and widest pores in the small hours of the afternoon.
FIG. 3.
Galvanometric record of the emotivity of a Belgian lady: A, for fifteeni minutes, during which she preserved a quiet mind; B, for 15 minutes, during which she recalled to mind scenes of which she had been an eye-witness at the German occupation of Termonde in 1914. The secretion of sweat by the palm of the hand was measured by chloride of calcium capsule fastened to one hand while the other hand served for the electrodes connected to the recording galvanometer; 10 mgr. of sweat were secreted during the quiet period, 8 mgr. during the painful period.
FIG. 4.
Simultaneous record by two galvanometers on the same plate of response from the hand and absence of response from the arm in consequence of a single strong induction shock applied to the leg. Simultaneous record, palm of hand and sole of foot to four strong (painful) induction shocks applied to the right leg.
